ABSTRACT. This study was carried out to evaluate the performance and carcass characteristics of bulls from three genetic groups: Zebu (ZEB), ½ Limmousin vs. ½ Zebu (LIZ) and ½ Angus vs. ½ Zebu (ANZ). Bulls were finished in feedlot and fed two diets: sorghum silage + 1.0% concentrate of LW or sugar cane + 1.2% concentrate LW. The bulls were slaughtered at one of two fat thicknesses: 3.4 or 4.8 mm. The bulls of the LIZ and ANZ groups showed higher FBW and ADG. There were no differences in the feed intake and carcass characteristics among the groups. Bulls from LIZ group had a lower fat thickness and higher muscle deposition. There were no differences among groups on carcass characteristics. The bulls fed with sorghum silage had a higher FBW, ADG and carcass weight than those fed sugar cane, while the animals fed sugar cane had a higher DMI and lower feed efficiency. There was no difference in hot carcass dressing between the diets. The sorghum silage or sugar cane did not change carcass characteristics or the meat composition. The FBW and HCD were similar for the two levels of fat thickness. The ADG was higher in bulls with 3.4 mm of fat thickness.
Introduction
The meat cattle produced in Brazil comes from animals raised in a pasture system (MOREIRA et al., 2003; PRADO et al., 2004; PADRE et al., 2007) . It therefore becomes crucial to evaluate technological alternatives capable of raising efficiency in the industry and consequently restructuring the beef production chain. In Brazil, Zebu breeds are used for meat production . However, European breeds are well known for their highly marbled meat, while Zebu breeds feature less fat and more connective tissue (MOREIRA et al., 2003; ROTTA et al., 2009a and b) . Researchers have been conducting studies since the 1980s on a crossbreeding system with the objective of increasing animal productivity (KAZAMA et al., 2008; PEROTTO et al., 2000 PEROTTO et al., , 2001 ) and meat quality (ARICETTI et al., 2008; PADRE et al., 2006; PRADO et al., 2009a, b and c; ROTTA et al., 2009b) . Crossbreds between Zebu and European breeds can be slaughtered at 20 to 24 months and Acta Scientiarum. Technology Maringá, v. 34, n. 3, p. 337-344, July-Sept., 2012
feature better meat quality and low total cholesterol levels (PRADO et al., 2008b; ROTTA et al., 2009b) . During the last few years, the feedlot system for cattle has become an important practice. Feeding is a component that presents a variable cost which can greatly interfere with the profitability. Presently, the use of cereal grains (such as corn) has been the main source of energy in finishing diets (PRADO et al., 2008b) . Alternative production systems that include the use of roughages could range from pasturing cattle, pasturing cattle with a limited amount of supplemental concentrates, pasturing cattle and then feeding them concentrates for a short period of time in a feedlot, or feeding roughages to cattle while they are in the feedlot (SCHAAKE et al., 1993) . Carcasses of roughage-fed beef are lighter and have less marbling and lower quality grades than the carcasses of grain-fed bulls (ARICETTI et al., 2008; PRADO et al., 2008b and c) . Roughage-fed cattle are generally older than their grain-finished counterparts when they reach a choice quality grade. Although studies have shown compositional differences among breed (PRADO et al., 2008b, c and d) , it is important to understand how various cattle types can be optimally used to produce lean and high-quality beef (MAY et al., 1992) .
This study was carried out to evaluate the performance and carcass characteristics of Zebu and crossbred bulls (½ Limousin vs. ½ Zebu or ½ Angus vs. ½ Zebu) fed with sorghum silage or sugar cane and slaughtered at two fat thickness (3.4 or 4.8 mm).
Material and methods

Animal management and sampling
This study was carried out at the Experimental Farm of the Agronomic Institute of Paraná (IAPAR), in the city of Paranavaí, Paraná State, south of Brazil, and followed the guiding principles of biomedical research with animals.
Thirty-six bulls (Zebu -ZEB, n = 10; ½ Limousin vs. ½ Zebu -LIZ, n = 12 and ½ Angus vs. ½ Zebu -ANZ, n = 14) were selected, all belonging to the experimental herd of the Agronomic Institute of Paraná, with an initial average age of 21 months and a live weight of 330 ± 44.0 kg. The mating plan established was to avoid consanguinity of the genetic groups by continuous maintenance of heterozygosis, using purebred bulls from the starter breeds (Zebu, Limousin and Angus).
From birth to the age of 21 months, the bulls were kept in a pasture of Panicum maximum. After that, the bulls were separated into individual pens (28 m 2 for each animal), and fed twice a day: sorghum silage + 1.0% LW of concentrate or sugar cane + 1.2% LW of concentrate. They were given access to a diet formulated to meet requirements for fattening beef cattle (NRC, 2000) .
The concentrate used consisted of soybean meal, corn, urea, limestone and mineral salts. The diets were formulated with a 44:56 ratio of roughage to concentrate.
The chemical compositions of the silage and concentrate ingredients are presented in Table 1 . Dry matter (DM), crude protein (CP), organic matter (OM), mineral matter (MM), ether extract (EE), neutral detergent fiber (NDF) and acid detergent fiber (ADF) were determined using the methods described by Silva and Queiroz (2002) . The development of the fat thickness was monitored every 28 days after a period of adaptation for the animals, using an ultrasound device (Aloka 500 with a Ust-5049-3.5 transducer). After reaching a 3.4 or 4.8 mm fat thickness and an average age of 24 months, the animals were slaughtered.
Carcass characteristics
The bulls were slaughtered at a commercial slaughterhouse 20 km away from the IAPAR, following the usual practices of the Brazilian beef industry. Thereafter, the carcasses were identified, weighed and chilled at 4°C for 24h. After chilling, the right part of the carcass was used to determine the quantitative characteristics. (MÜLLER, 1980) .
Percentage of carcass muscle (PCM), fat (PCF) bone (PCB):
Muscle, fat and bone were physically separated from the Longissimus section, which corresponds to the 10, 11 and 12 th ribs, and individually weighed according to Hankins and Howe (1946) . The data were regressed using equations published by Müller (1980) . The model converts data to values corresponding to the 9, 10, and 11 th ribs as follows: % M = 6.292+0.910X 1 % F = 1.526+0.913X 2 % B = 2.117+0.860X 3 where the X i represent muscle, fat and bone percentages.
The values corresponding to the 9, 10 and 11 th ribs were then regressed using equations following the methods of Hankins and Howe (1946) (1980) .
Statistical analysis
The thirty-six animals were allocated in a completely randomized design with three genetic groups (ZEB, LIZ and ANZ), two diets (sorghum silage + concentrate at 1.0% of live weight or sugar cane + concentrate at 1.2% of live weight) and two fat thickness levels (3.4 or 4.8 mm). The data were submitted to an analysis of variance, and the means (when different) were compared using the Tukey test at 5% significance levels, using SAS statistical software (SAS, 2008) .
Results and discussion
There was no interaction effect (p > 0.05) among genetic groups, diets and fat thickness levels for all characteristics. Thus, the data are presented and discussed separately (principal effects). The initial live weight were similar (p > 0.05) among genetic groups; this was because the animals were previously selected for similar initial live weight (Table 2 ). Angus vs. Zebu (ANZ) bulls presented higher (p < 0.05) final live weight (547 kg) in comparison with Zebu (ZEB -488 kg, Table 2 ). However, the final live weight of Limousin vs. Zebu (LIZ -521 kg) and ANZ were similar (p > 0.05). Thus, the final live weight of the ZEB and LIZ genetic groups were also similar (p > 0.05). The higher final live weight of the ANZ and LIZ genetic groups could be due to the genetic effects of heterosis of these animals, as they were from the first generation (F1).
The ZEB group presented the lowest (1.27 kg) average daily gain in comparison with LIZ (1.53 kg) and ANZ (1.56 kg). The first generation of crossbreeding between Angus and Zebu presented an increase of 18.5% in average daily gain. The introduction of Limousin genes in the crossbreeding with Zebu resulted in an increase of 16.9% in average daily gain in comparison with Zebu bulls. These results demonstrate the effect of genetic differences between these two groups (European and Zebu) when they are crossbred to enhance weight gain.
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Hot carcass weight, carcass dressing and carcass conformation were not influenced (p > 0.05) by genetic group (Table 2 ). The average score for carcass conformation was 12.9 points. Crossbred animals finished with the same age, gender and diet did not show alteration on carcass conformation (PRADO et al., 2008a and d; ROTTA et al., 2009b) .
The fat thickness was lower (p < 0.04) for the LIZ (3.28 mm) genetic group in comparison with the ZEB (4.75 mm) and ANZ (4.21 mm) groups (Table 2 ). European genetic groups or Europeancrossbred groups presented higher fat thickness depositions compared to Zebu animals (Table 2) .
There was no difference (p > 0.05) in color among the genetic groups ( Table 2 ). The average value for this characteristic was 3.59 points, which is "slightly dark red" by the Müller score. Other studies PRADO et al., 2008b, c and d; PRADO et al., 2009a , b and c) have also found there were no effects of genetic group on color. Marbling was similar (p > 0.05) among the genetic groups, and this characteristic presented an average of 4.43 points, matching "light" by the Müller score (Table 2) . LIZ (66.4%) and ANZ (63.8%) genetic groups presented higher (p < 0.04) muscle percentages than ZEB (60.8% - Table 2 ). However, there was no difference (p > 0.05) between LIZ and ANZ genetics group. ZEB (24.4%) presented a higher (p < 0.02) fat percentage in the carcass than LIZ (19.9%) and ANZ (21.4%). There was no difference (p > 0.05) between LIZ and ANZ genetics group. The LIZ genetic group normally presents higher muscle deposition than fat deposition. The genetic groups presenting the highest muscle percentages (LIZ and ANZ) also presented the lowest fat percentages, and these results are in accord with Metz et al. (2009) , who demonstrated a negative correlation between these characteristics. There was no difference (p > 0.05) in bone percentages among genetic groups. In general, bulls slaughtered at around 20 months present about 15% bone in the carcass ). The edible portions of the carcasses (muscle + fat) were similar (p > 0.05) among the genetic groups (Table 2) . A carcass can be considered superior for the meat market when it presents a high quantity of muscle, a low quantity of bone and a good quantity of fat. However, the particular quantity of fat desired can vary with the meat market (WEBB, 2006) .
Crossbreeding between European and Zebu animals produced descendents with high live weight when they are finished with high-energy-density diet (ABRAHÃO et al., 2005; ROTTA et al., 2009a and b) . The lower final live weight of the ZEB genetic group were characteristic of the low weight gains normally seen in Zebu animals (D'OLIVEIRA et al., 1997; .
The higher Longissimus muscle area for LIZ could be due to the higher final live weight in this genetic group, and there is a positive correlation between these characteristics (KUSS et al., 2008) . Prado et al. (2008b and c) undertook an evaluation of Longissimus muscle area and observed that ½ Limousin vs. ½ Zebu presented the higher values for this characteristic in relation to ½ Canchin vs. ½ Zebu, Brangus and Zebu. The lower ability of Zebu bulls to demonstrate carcass muscularity in comparison with crossbred bulls was also shown by Moreira et al. (2003) .
Longissimus muscle presented low values for marbling; this could be associated with the slaughter age of these animals and the gender (bulls) . High averages for marbling can be observed when animals are slaughtered older (PRADO et al., 2009a) and bulls generally present lower fat in the carcass than steers (PRADO et al., 2009a) .
Diets (sorghum silage vs. sugar cane)
The initial live weight were similar (p > 0.05) for animals fed with sorghum silage (323 kg) or sugar cane (337 kg, Table 3 ). However, the final live weight were higher (p = 0.03) for animals fed with sorghum silage (539 kg) than animals fed with sugar cane (498 kg). The higher final live weight for animals fed with sorghum silage was due to the higher (p < 0.05) average daily gain in these animals during the feedlot period (1.65 kg per day) than in animals fed with sugar cane (1.25 kg). An adjustment was made in the diet, with sugar cane given a higher concentrate supplement (1.20% LW) with the aim of making the diets more similar (Table 1) . However, the diet with sorghum silage resulted in higher average daily gain by the animals.
The dry matter intakes were similar (p > 0.05) between treatments (11.1 kg of DM). Mertens (1994) suggested that the dry matter intake should be expressed in relation to the live weight. Thus, it was observed that animals fed with sugar cane (2.72%) presented higher (p < 0.01) dry matter intakes than animals fed with sorghum silage (2.47%). The dry matter intake is related to the neutral detergent fiber content of the feed because the fermentation and the transit of this fraction in the reticulo-rumen is lower than other dietary constituents and it effects rumen distension and the time of feed retention in the rumen ( VAN SOEST, 1994) .
The diet with sugar cane presented lower (p < 0.01) dry matter feed efficiency (9.65) than with sorghum silage (7.05). The similarities in relation to dry matter intake and the higher average daily gain observed in animals that received sorghum silage was responsible for the results obtained for dry matter efficiency. The hot carcass weight was higher (p < 0.01) in animals fed with sorghum silage (296 kg) than in animals fed with sugar cane (268 kg) (Table 3) . However, the carcass dressing was similar (p > 0.05) in animals fed with either sorghum silage or sugar cane (54.4%).
Carcass characteristics were similar (p > 0.05) between the sorghum silage and sugar cane groups with one exception, the Longissimus muscle area, that was higher (p < 0.01) in animals fed with sorghum silage (Table 3) . However, the Longissimus muscle area 100 kg -1 was similar (p > 0.05) to SIL and SUG diets. The color presented an average score of 3.60 points, classified as "slightly dark red" according to Müller score. The carcasses presented "light" marbling, with an average of 4.43 points according to the Müller score.
The diets (SIL and SUG) enabled an adequate fat thickness for the meat market (3.0 mmminimum) and showed an average of 4.1 mm. Thus, sorghum silage and sugar cane are both able to produce a carcass with adequate fat thickness. Fat thickness levels (3.4 vs. 4.8 mm)
The values observed between the initial and final live weight were similar (p > 0.05) in animals slaughtered with fat thicknesses of 3.4 mm (initial: 332 kg; final: 510 kg) or 4.8 mm (initial: 328 kg; final: 527 kg - Table 4 ). However, the average daily weight gain for animals slaughtered with 3.4 mm (1.54 kg per day) was higher (p < 0.05) than for animals with 4.8 mm of fat (1.36 kg). The animals slaughtered with 3.4 mm of fat thickness presented higher (p < 0.05) dry matter intakes (12.8 kg), dry matter intake/live weight (3.01%), neutral fiber detergent intake (4.87 kg) and neutral fiber detergent intake/live weight (1.15%) than animals slaughtered with 4.8 mm (11.2 kg; 2.61%; 4.30 kg and 1.00%, respectively - Table 4 ). However, there was no difference (p > 0.05) in dry matter conversion between the animals with different fat thickness levels.
The lower dry matter and nutrient intake by animals having 4.8 mm of fat thickness could be related to the lower abdominal displacement available for the rumen due to the higher body fat deposition in these animals (NRC, 2000) .
Hot carcass weight and carcass dressings were similar (p > 0.05) between the two levels of fat thickness, with averages of 282 kg and 54.4%, respectively ( ). This could be due to the better conformation and the lower bone percentage found in animals finished with 3.4 mm of fat thickness. Animals slaughtered with a 4.8 mm fat thickness were kept for more time on the feedlot (147 days). Thus, this could be the reason for the alteration in animal tissue. During the period of highest growth, more deposition of muscle tissue occurs than of fat tissue. After this period, more deposition of fat tissue occurs than of muscle tissue. The fat tissue requires more energy intake to complete its deposition, reducing the daily weight gain. The hot carcass weight is related to the commercial value of the animal in Brazil. Thus, it is important to produce high hot-weight carcasses. The residence of these animals for an extended period on the feedlot with the aim of producing higher fat thickness (4.8 mm) did not have influence on final live weight, hot carcass weight or carcass dressing.
Conclusion
The evaluation of the crossbreeding potential between Limousin vs. Zebu and Angus vs. Zebu cattle demonstrated that the resulting animals are more efficient for the meat market. The kind of roughage used (sorghum silage or sugar cane) influenced the performance. A better performance was noted with sorghum silage, although this resulted in only minor changes in the carcass characteristics. However, before choosing a type of roughage, it remains important to undertake an economic analysis. The slaughter of animals with a high fat thickness affected the performance by lowering weight gain efficiency. However, these thicker-fat animals presented better carcass characteristics. Thus, animals with a high fat thickness are less efficient but can produce a superior carcass.
